Summary &mdash; The breeding of sunflower varieties whose seeds (achenes) can be easily hulled would help to optimise industrial hulling before oil extraction, and thus improve the protein content of sunflower seedmeal. Laboratory hulling tests require samples of about 10 g of seed, and so a search was made for characteristics that would permit indirect selection for improved hullability using smaller numbers of seed. Anatomical characteristics of the pericarps of 12 inbred sunflower lines and 18 hybrids were observed using light microscopy. Significant differences between genotypes in the frequency of parenchyma rays separating sclerenchyma zones, and in the proportion of wide and wedgeshaped sclerenchyma zones were observed. However, the phenotypic correlations between these characteristics and hullability measurements with a laboratory huller were too weak to be usable alone in hullability breeding programmes. Observations of hull structure however will probably serve most usefully to explain certain aspects of variation in hullability. 
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Many studies have been made to determine the best methods of hulling and separating sunflower kernels from hulls (Defromont, 1972; Ashes and Peck, 1978; Wan et al, 1978; Tranchino et al, 1984 ; Karlovic et al, 1992a,b; Simic et al, 1992) . Environmental and cultural conditions (irrigation, nitrogen supply) are known to affect hullability (suitability for industrial hulling (Dedio and Dorrel, 1989) ), but genotypic factors appear to be predominant (Beauguillaume and Cadeac, 1992b; Merrien et al, 1992; Denis, 1994) The present study concerned anatomical characteristics of the sunflower hull, in particular those observed by Leprince-Bernard (1990) and Beauguillaume and Cadeac (1992a,b) . The sunflower hull is composed mainly of sclerenchyma, divided into zones by parenchyma rays which become compressed at maturity. Beauguillaume and Cadeac (1992a,b) observed 2 types of sclerenchyma zone: narrow, wedge-shaped zones with vascular bundles at their base and wide non-vascularised zones. These authors reported differences between the proportions of the 2 types of sclerenchyma zone and the frequencies of separation by parenchyma rays in 6 commercial varieties. These differences appeared to be related to varietal differences in hullability. Leprince-Bernard (1990) (Beauguillaume and Cadeac, 1992a) , which would explain why it is not observed in mature achenes. According to Perestova (1976) , the formation of pericarp tissues and lignification of sclerenchyma fibres is complete 30 d after flowering. The pigmented layer observed probably corresponds to the non-cellular phytomelanin 'armor layer' described by Perestova (1976) and Knowles (1978) .
The studies described here indicate that the use of anatomical characteristics of sunflower achenes in breeding programmes would raise a number of technical problems. In particular, the seeds would be observed individually and since they show some heterogeneity for the different anatomical characters, about 10 (as in the present study) would be necessary to obtain significant differences between genotypes. Perestova (1976) and Beauguillaume and Cadeac (1992a) have also reported that hull thickness and anatomical characteristics may vary according to the position of the achene on the capitulum. Sometimes, it is possible to cut satisfactory sections by hand, which reduces total manipulation time to 15 min, but this is still very long. In addition, cutting with a razor-blade may lead to loss of the epidermis or internal parenchyma, the latter tissue becoming more fragile especially when the achene is dry (Leprince-Bernard, 1990) . It is also difficult in certain cases to obtain thin sections as the hull breaks up (for example, HA61).
For some of the genotypes very few parenchyma rays separating sclerenchyma zones were observed. Either they were absent or they may have been completely crushed. This observation was also reported by Beauguillaume and Cadeac (1992a,b) Leprince-Bernard (1990) 
